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Abstract
Background: Analysis of data collected from pig farms may be useful to understand factors affecting pig health
and productive performance. However, obtaining these data and drawing conclusions from them can be done
at different levels and presents several challenges. In the present study, information from 688 batches of
growing-finishing (GF) pigs (average initial and final body weight of 19.1 and 108.5 kg respectively) from 404 GF
farms integrated in 7 companies was obtained between July 2008 and July 2010 in Spain by survey.
Management and facility factors associated with feed conversion ratio (FCR) and mortality were studied by
multiple linear regression analysis in each single company (A to G) and in an overall database (OD). Factors
studied were geographic location of the farm, trimester the pigs entered the farm, breed of sire and sex
segregation in pens (BREGENSEG), use of circovirus vaccine, number of origins the pigs were obtained from, age
of the farm, percentage of slatted floor, type of feeder, drinker and ventilation, number of phases and form of
feed, antibiotic administration system, water source, and number and initial weight of pigs.
Results: In two or more companies studied and/or in OD, the trimester when pigs were placed in the farm,
BREGENSEG, number of origins of the pigs, age of the farm and initial body weight were factors associated with
FCR. Regarding mortality, trimester of placement, number of origins of the pigs, water source in the farm,
number of pigs placed and the initial body weight were relevant factors. Age of the farm, antibiotic
administration system, and water source were only provided by some of the studied companies and were not
included in the OD model, however, when analyzed in particular companies these three variables had an
important effect and may be variables of interest in companies that do not record them.
Conclusions: Analysing data collected from farms at different levels helps better understand factors associated
with productive performance of pig herds. Out of the studied factors trimester of placement and number of
origins of the pigs were the most relevant factors associated with FCR and mortality.
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Background
The grow-finishing (GF) phase, defined as the period
between the exit of nursery (when the animal weights
around 20 kg) and slaughter house (>105 kg), is consid-
ered the most expensive component of pig production
accounting for approximately 69 % of the costs pork
meat production in Spain [1] as in most countries. In
the last 15 years studies have been conducted on the
association between different management factors and
suboptimal health [2–4] or productive performance
[5–7] during the GF phase through the use of predic-
tion models. These studies used data from commercial
farms or batches of pigs belonging to a single pig pro-
ducing company. However, in recent years companies
have tended to homogenize the management of their
herds through increased uniformity of their facilities
(feeders, drinkers, floor types, ventilation systems, or
other production conditions) and health management
routines (vaccination, or antibiotic treatments). There
is little information in the literature about the variabil-
ity among companies or about the effects of manage-
ment and facilities on performance traits using data
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from different companies. Variability among companies
may be as informative as variability within company
and integrating information from different companies
may be useful in aideing management decisions. There
are different approaches in order to integrate this infor-
mation and using more than one approach simultan-
eously may provide us with extra valuable information.
Therefore, the objective of this study was to collect data
from pig producing companies representative of the
production in Spain and determine the effect of animal
management, temporal and geographical context and
farm facilities on feed conversion ratio (FCR) and mortality
rate (MORT) in GF pigs belonging to different companies
using two different linear regression approaches.
Methods
Sampling information and variables collected in the study
A cross-sectional study was developed including infor-
mation from a total of 688 batches of pigs from 404 GF
farms (one to three batches per farm) integrated in
seven Spanish companies (abbreviated as “Com” from
“A” to “G”) with a combined total of 1,040,116 pigs.
The study protocol was discussed with the 25 largest
growing-finishing pig companies in Spain. Seven of
them were selected to participate in this study based on
the availability of data and being representative of the
main geographic areas producing pigs in Spain. Com-
panies were asked to provide data regarding perform-
ance responses from a minimum of 30 batches. The
companies were asked to provide batches from different
trimesters but no other criteria were applied in the
selection to obtain representative data of the reality of
each company. Information about the farms was col-
lected by farm survey between July 2008 and July 2010
using a questionnaire model prepared by the research
team in collaboration with the field veterinarians par-
ticipating in the project.
Variables that had been shown to affect production of
GF pigs were selected from literature [5–9]. The cat-
egorical and continuous variables used in each com-
pany are described in Tables 1 and 2. In all batches, the
pigs remained in the GF unit from completion of the
nursery phase until slaughter and were managed in an
all-in all-out system. Pig companies were located in the
three Spanish regions where most pig meat is produced;
Cataluña, Aragón, and Castilla y León.
Data processing and analyses
Data were analyzed using SAS 9.2 (SAS, Cary, NC, USA).
Batch was considered the experimental unit for all ana-
lyses. Descriptive statistics were performed for continuous
and categorical variables and the distributions of their
residuals were examined. Mortality rate data were square
root transformed (sqrtMORT) in order to achieve the as-
sumptions of linear regression. Feed Conversion Ratio and
sqrtMORT were the dependent variables and all categor-
ical variables (Table 1) and initial body weight (IBW) were
considered as predictor variables, with IBW remaining
in all final statisitcal models regardless of the P-value.
Dependent variables were analyzed using linear mixed
effects regression models. Variance components were
estimated using REML.
The effects of independent variables on the dependent
variables were studied using two approaches: 1) data
were analysed separately for each of the seven compan-
ies, including company specific models that only con-
tained factors that had variability for the company, and
2) data were analyzed combining data from all compan-
ies at the same time in one model using an overall data-
base (OD). One of the companies was not included in
the OD because it fattened pigs to higher FBW com-
pared to th other companies (119.70 vs. 106.61 kg) and
this kind of production presents very particular condi-
tions. Variables not provided by one or more of the
companies were not taken into account in the OD
model in order to avoid reductions in sample size. Farm
was not considered as a random effect because most of
the farms contributed one batch to the database. Com-
pany was included initially as a random factor but it was
not significant (P > 0.10) and then it was excluded from
the models.
Initially, a univariate regression model was used
where each predictor variable was included as a single
fixed factor to predict. Variables that had P < 0.25 in
the univariate analysis were selected for use in the
multivariable analysis [10] in the MIXED procedure of
SAS. Before entering the variables into a multivariable
model, bivariate Pearson’s and Spearman’s correlations
were performed among independent variables in order
to avoid multicollinearity problems between the con-
tinuous variables and confounding problems between
the categorical variables. There were no high correla-
tions between any of the continuous variables selected
(r < 0.60) and all were included in the multivariable
models. However, breed of sire, sex, and sex segrega-
tion in batches showed a relationship being used only
in particular combinations. Thus, these variables were
grouped as a single combined variable (BREGENSEG).
The model was built using a manual stepwise regres-
sion model procedure; all factors with a P < 0.10 were
retained in the final model. Finally, all two-way interac-
tions between significant variables in the multivariable
model were tested and included if P < 0.05. After fitting
the conditional models for each dependent variable,
both normality and homoscedasticity of the residuals
were evaluated.
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Table 1 Characterization of the variables recorded from 688 batches in 404 farms belonging to seven integrated pigs companies
Company
A B C D E F G
NBATCHES 207 97 99 99 74 33 79
REGION Catauña 48.3 % - 47.5 % - - 100 % -
Aragón 51.7 % - 36.4 % 100 % 100 % - 10.1 %
Castilla y León - 100 % - - - - 82.3 %
Valencia - - 16.1 % - - - -
Other - - - - - - 7.6 %
TRIMESTER Jan-Feb-Mar - 26.8 % - 24.2 % 25.7 % - 27.8 %
Apr-May-Jun 34.8 % 24.7 % 56.6 % 25.3 % 21.6 % 51.6 % 12.7 %
Jul-Aug-Sep - 20.6 % - 31.3 % 31.1 % - 27.8 %
Oct-Nov-Dec 65.2 % 27.8 % 43.4 % 19.2 % 21.6 % 48.4 % 31.7 %
PIGFAT Industrial 95–110 kg 100 % 100 % 100 % 100 % 100 % 100 % -
Heavy > 110 kg - - - - - - 100 %
SEX Male and female 100 % 64.9 % 59.6 % 100 % 100 % 100 % -
Barrow and female - 35.1 % 40.4 % - - - 100 %
SPLITSEX Split-sex 100 % - - 100 % - 100 % -
Mixed-sex - 100 % 100 % - 100 % - 100 %
BREED Pietrain 100 % 64.9 % 36.4 % 100 % 100 % 100 % -
White - 35.1 % 45.4 % - - - 100 %
Duroc - - 18.2 % - - - -
CIRCOVAC No 34.3 % 100 % 80.8 % 100 % 100 % 100 % 100 %
Yes 65.7 % - 19.2 % - - - -
ORIGIN One 39.6 % 49.5 % 22.2 % 100 % 100 % 100 % 40.5 %
More than one 0.4 % 50.5 % 77.8 % - - - 59.5 %
AGEBARN <10 years Not available 14.4 % - 28.3 % 39.2 % 29.0 % 27.8 %
10 to 30 years 41.2 % 100 % 71.7 % 60.8 % 71.0 % 72.3 %
>30 years 44.3 % - - - - -
PIGPEN <10 pigs - 54.6 % 24.1 % - - - 5.1 %
10 to 20 pigs 100 % 45.4 % 75.9 % 100 % 100 % 100 % 94.9 %
FLOOR <50 % slatted - 29.9 % 45.7 % 37.4 % 100 % 48.3 % 12.7 %
≥50 % slatted 100 % 70.1 % 54.3 % 62.6 % - 51.7 % 87.3 %
FEEDER Multiple-space - 58.8 % 100 % - 6.8 % - 16.9 %
Single-space 100 % 19.6 % - 100 % - 19.4 % -
Single-space + drinker - 21.6 % - - 93.2 % 80.6 % 83.1 %
DRINKER Nipple 100 % 40.2 % 100 % 100 % 100 % 45.4 % 100 %
Bowl - 36.1 % - - - 54.6 % -
Without drinkera - 23.7 % - - - - -
VENT Manual - 71.1 % 100 % - 75.7 % 9.7 % -
Automatic 100 % 28.9 % - 100 % 24.3 % 90.3 % 100 %
FPHASE Three 100 % 100 % - 100 % 100 % 100 % -
Four - - 100 % - - - 100 %
FFORM Pellet 100 % 100 % 100 % 100 % 100 % 100 % -
Meal - - - - - - 100 %
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Results
A total of 688 batches housed in 404 GF farms inte-
grated in seven companies (average of 98 batches and
148,588 pigs per company) were analyzed separately by
company as well as grouped (n = 607 batches from 363
herds). Mean and SD for IBW and FBW for OD data
were 18.8 ± 2.48 kg and 106.3 ± 4.12 kg respectively.
Details for each company are shown in Table 2.
Feed conversion ratio
The mean and SD for FCR of the OD was 2.74 ±
0.17 kg/kg (with 25th and 75th percentiles of 2.62 and
2.84 kg/kg respectively) and the multivariable model for
OD had an r2 = 0.27. Means and SD of FCR found for
each company are shown in Table 2. Multivariable
regression analysis (Table 3) indicated that in ComC the
FCR was 0.09 poorer on average when batches were
located in Cataluña compared to Aragón (P < 0.10). The
FCR was 0.07 better when pigs were placed between
April-June at ComC (P < 0.10) and 0.09 when they were
placed between January-March at ComE (P < 0.01) in
comparison to those placed in October-December.
Moreover, the effect of the trimester of placement on
FCR varied depending on: 1) circovirus vaccine at
ComA; 2) BREGENSEG at ComB, and 3) initial body
weight at OD. The use of White and Duroc sired pigs in
the presence of barrow and mixed-sex batches had 0.15
(P < 0.01) and 0.13 (P < 0.10) poorer FCR respectively
compared to those batches that had a Pietrain sire-pig,
males, and mixed-sex at ComC. Furthermore, the
Table 1 Characterization of the variables recorded from 688 batches in 404 farms belonging to seven integrated pigs companies
(Continued)
PATHATB Feed - 50.5 % - 100 % - Not available -
Water + feed - 49.5 % - - 100 % -
Feed + injection - - - - - 100 %
Water + feed + injection 100 % - 100 % - - -
WATERSOU Well 9.9 % 85.6 % Not available - - - 100 %
River 53.5 % - - - - -
Public water 28.2 % 14.4 % 100 % 40.5 % 100 % -
Others 8.4 % - - 59.5 % - -
NPP <800 pigs 19.8 % 54.6 % 15.2 % 8.1 % - 35.5 % 11.4 %
800 to 2000 pigs 58.0 % 45.4 % 57.6 % 43.4 % 58.1 % 54.8 % 60.8 %
>2000 pigs 22.2 % - 27.2 % 48.5 % 41.9 % 9.7 % 27.8 %
NBATCHES - number of batches; REGION - region from Spain; TRIMESTER - trimester of placement; PIGFAT - type of pigs fattened; SEX - sex present at batches;
SPLITSEX - sex segregation in pens; BREED - breed of the pig-sire; CIRCOVAC - circovirus vaccine; ORIGIN - number of pig origins; AGEBARN - age of the herds;
PIGPEN - number of pigs per pen; FLOOR - percentage of slatted floor; FEEDER - type of feeder; DRINKER - type of drinker; VENT - ventilation control system; FPHASE -
number of feed phases; FFORM - feed form; PATHATB - routes used to perform treatments; WATERSOU - water source in the herd; NPP - number of pigs placed
aAnimals had access to water through the drinkers coupled in the feeders
Table 2 Number of pigs per batch, initial and final body weight, feed conversion ratio and mortality ratea
Production parameters
Number of pigs IBW (kg) FBW (kg) FCR (kg/kg) sqrtMORT
Company N Mean SD Mean SD Mean SD Mean SD Mean SD
A 207 1433 750 19.2 1.6 104.8 4.5 2.70 0.13 2.01 0.60
B 97 802 433 21.0 1.4 106.7 4.8 2.83 0.17 1.68 0.51
C 99 1564 918 18.8 1.9 106.4 3.4 2.89 0.22 2.61 0.64
D 99 2125 1309 16.5 1.8 108.2 2.6 2.70 0.09 1.62 0.40
E 74 1763 773 17.4 1.8 107.1 3.1 2.62 0.10 1.84 0.44
F 33 1218 689 20.1 5.4 106.9 3.6 2.62 0.09 1.82 0.47
G 79 1673 1041 20.7 2.0 119.7 3.5 2.90 0.11 1.90 0.37
ODb 607 1496 941 18.8 2.8 106.3 4.1 2.74 0.17 1.96 0.63
aData from 688 batches in 404 growth-finishing farms belonging to seven integrated pigs companies. SD: standard deviation
bOD - database of companies A to F. Initial body weight (IBW) refers to pig live weight when entering the GF unit. Final body weight (FBW) was the live weight
recorded in the GF unit prior to transportation to the slaughter facility. Feed conversion ratio (FCR) was obtained dividing the total feed delivered to each batch
(kg) by the difference between the total kilograms of pigs sent to slaughter and the total kilograms of pigs that entered a GF batch. Finally, square root of the
mortality rate (sqrtMORT) was calculated as the square root of the number of nursery pigs that entered the GF unit minus the number of pigs transported for
slaughter divided by the number of pigs that entered the GF unit
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Table 3 Parameter estimates (standard error in parenthesis) for the feed conversion ratio (FCR) in each company studieda
Variable Companies
A B C D E F G ODb
Intercept 2.26 (0.10)*** 3.09 (0.21)*** 2.78 (0.25)*** 2.16 (0.13)*** 2.60 (0.12)*** 2.54 (0.06)*** 2.41 (0.12)*** 2.26 (0.11)***
Autonomous community
Cataluña S U 0.09 (0.05)**** U U U S S
Castilla y León S U A U U U S S
Valencia S U - 0.06 (0.06) U U U S S
Other S U A U U U S S
Aragón S U – U U U S S
Trimester of placement
Jan-Feb-Mar A −0.24 (0.05)*** A S −0.09 (0.03)** S S −0.03 (0.12)
Apr-May-Jun −0.03 (0.02)* −0.33 (0.04)*** −0.07 (0.04)**** S −0.02 (0.03) S S 0.15 (0.09)
Jul-Aug-Sep A −0.31 (0.05)*** A S −0.01 (0.03) S S 0.30 (0.10)**
Oct-Nov-Dec – – – S – S S –
BREGENSEGc
Pietrain – Male – Mixed-sex U – – U U U U –
Pietrain – Male – Split-sex U A A U U U U 0.24 (0.10)*
White – Male – Mixed-sex U A 0.04 (0.06) U U U U 0.57 (0.34)****
White – Barrow – Mixed-sex U −0.05 (0.05)**** 0.15 (0.06)** U U U U 0.53 (0.23)*
Duroc – Barrow – Mixed-sex U A 0.13 (0.07)**** U U U U 0.83 (0.26)**
Circovirus vaccine
No 0.12 (0.02)*** U S U U U U S
Yes – U S U U U U S
Number of pig origins
One origin S S −0.10 (0.06)**** U U U −0.04 (0.02)**** −0.05 (0.01)**
More than one origin S S – U U U – –
Herd age
<10 years A S U – S – S A
10 to 30 years A S U 0.50 (0.16)** S 0.07 (0.03)* S A
>30 years A S U A S A S A
Type of feeder
Multi-space U S U U S S S 0.07 (0.02)***
Single-space U S U U S S S 0.06 (0.02)***
Single-space with drinker U S U U S S S –
A
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Table 3 Parameter estimates (standard error in parenthesis) for the feed conversion ratio (FCR) in each company studieda (Continued)
Routes utilized to perform treatments
Feed U S U U U A U A
Feed +Water U S U U U A U A
Feed +Water + Injection U S U U U A U A
Water source in the farm
Well S S A U A U U A
River S S A U A U U A
Other S S A U −0.04 (0.02)**** U U A
Public supply S S A U – U U A
Number of animals placed
<800 pigs – S – S A S S S
800-2000 pigs −0.04 (0.02)* S 0.09 (0.06) S S S S S
>2000 pigs −0.01 (0.02) S 0.16 (0.07)* S S S S S
Initial body weight 0.02 (0.005)*** −0.004 (0.009) −0.001 (0.01) 0.03 (0.008)*** 0.005 (0.01) 0.001 (0.003) 0.02 (0.005)*** 0.02 (0.01)***
Trimester * Circovirus vaccine
Apr-May-Jun / No vaccinated 0.14 (0.04)*** U U U U U U U
/ Vaccinated – U U U U U U U
Oct-Nov-Dec / No vaccinated – U U U U U U U
/ Vaccinated – U U U U U U U
Initial body weight * Herd age
Initial body weight / < 10 years U U U – U U U U
/ 10 to 30 years U U U −0.03 (0.01)** U U U U
Initial body weight * Trimester
Initial body weight / Jan-Feb-Mar U U U U U U U −0.0005 (0.006)
/ Apr-May-Jun U U U U U U U −0.01 (0.005)*
/ Jul-Aug-Sep U U U U U U U −0.02 (0.005)**
/ Oct-Nov-Dec U U U U U U U –
Trimester of placement * BREGENSEG
Jan-Feb-Mar / Pietrain – Male – Mixed-sex U – U U U U U U
/ White – Barrow – Mixed-sex U 0.23 (0.07)*** U U U U U U
Apr-May-Jun / Pietrain – Male – Mixed-sex U – U U U U U U
A
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Table 3 Parameter estimates (standard error in parenthesis) for the feed conversion ratio (FCR) in each company studieda (Continued)
/ White – Barrow – Mixed-sex U 0.20 (0.09)* U U U U U U
Jul-Aug-Sep / Pietrain – Male – Mixed-sex U – U U U U U U
/ White – Barrow – Mixed-sex U 0.28 (0.08)*** U U U U U U
Oct-Nov-Dec / Pietrain – Male – Mixed-sex U – U U U U U U
/ White – Barrow – Mixed-sex U – U U U U U U
Initial BW * BREGENSEG
Initial BW / Pietrain - Male - Mixed-sex U U U U U U U –
/ Pietrain - Male - Split-sex U U U U U U U −0.01 (0.005)**
/ White - Male - Mixed-sex U U U U U U U −0.02 (0.02)
/ White - Barrow - Mixed-sex U U U U U U U −0.02 (0.01)****
/ Duroc - Barrow - Maxed-sex U U U U U U U −0.03 (0.01)*
S - Variable was not selected for the final model; U - Variable non-used in the model because it did not present variability; A - Variable or level not available
(−) Reference level for a factor included in the multiple regression models
*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.10
aData from 688 batches for companies A to F and 607 batches for OD. Variables not significant with respect to FCR in all companies studied and in OD were not described at the table
bOD - overall database. Data from ¨company G¨ was not included
cBREGENSEG - This variable combined ¨breed of the pig-sire¨, ¨sex present in batches¨ and ¨sex segregation in batches¨
A
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influence of the BREGENSEG on FCR was modified by
the season of placement (ComB) and initial body weight
(OD). The effect of the use of a vaccine against circo-
virus disease on FCR depended on the season of place-
ment at ComA. Batches containing pigs from a unique
origin had 0.10, 0.04, and 0.05 better FCR at ComC
(P < 0.10), ComG (P < 0.10), and OD (P < 0.01) respect-
ively than when they came from multiple origins. The
ComF had a poorer FCR (0.07) in batches belonging to
farms which were between 10 and 30 years old than barns
that were less than 10 years old (P < 0.05). Moreover, at
ComD the effect of herd age on FCR was modified when
IBW varied. An improved FCR (0.04) was found in
batches from farms in ComE (P < 0.10) which did not ob-
tain the water from a public supply. For OD, there was an
improvement in FCR by 0.08 and 0.06 when pigs were fed
in a single-space feeder with an incorporated drinker com-
pared to both multi and single-space feeder without any
incorporated drinker respectively (P < 0.001). The FCR
was 0.05 poorer in batches containing between 800 and
2000 pigs at ComA (P < 0.05) and about 0.16 poorer in
batches containing more than 2000 pigs at ComC (P <
0.05) in comparison to batches containing less than 800
pigs. Finally, for every 1 kg increase in IBW, FCR was
0.020, 0.031, 0.025 and 0.025 poorer in ComA, ComD,
ComG and OD respectively (P < 0.001).
Square root of mortality rate
Mean and SD for sqrtMORT for the OD was 1.96 ± 1.49
(with 25th and 75th percentiles of 1.54 and 2.39 kg/kg
respectively) and the multivariable model for OD had an
r2 = 0.20. Means and SD for sqrtMORT found for each
company are shown in Table 2. Multivariable regression
analysis (Table 4) indicated that in ComC, batches in
farms located in Cataluña tended to have a higher
sqrtMORT of 0.25 (P < 0.10) compared to farms from
Aragón. A reduction in sqrtMORT was observed when
pigs were placed in farms in warm seasons. In particular,
when compared to pigs placed between October-
December, pigs in ComB that entered farms between
April-June and July-September decreased sqrtMORT by
0.45 (P < 0.001) and 0.43 (P < 0.01) respectively. Pigs
placed from April to June reduced sqrtMORT by 0.25
and 0.35 in ComC and ComF respectively (P < 0.05);
batches that entered farms from January to March had
an increase of 0.30 in sqrtMORT (P < 0.05) in ComE.
There was also a reduction in sqrtMORT by 0.26 (P <
0.001) and 0.28 (P < 0.001) when pigs were placed
between April-June and July-September respectively in
the OD. Finally, the effect of season on sqrtMORT
depended on the use of a circovirus vaccine at ComA.
Batches that contained pigs from a unique origin had a
decrease by 0.16 (P < 0.10), 0.38 (P < 0.01), 0.16 (P <
0.05) and 0.37 (P < 0.001) in sqrtMORT in ComB,
ComC, ComG and OD, respectively, in comparison to
those that had pigs from multiple origins. With respect
to the herd age, batches belonging to ComE where
farms were between 10 and 30 years old had a higher
sqrtMORT by 0.18 compared to those newer than
10 years (P < 0.05). When batches from ComB were
penned with less than 50 % of slatted floor, sqrtMORT
decreased by 0.18 (P < 0.10) than those penned with
more than 50 % of it. There was also a reduction in
sqrtMORT by 0.23 (P < 0.05) and 0.25 (P < 0.001) when
an automatic ventilation was available to batches belong-
ing to ComB and OD respectively. There was an effect of
the different methods of delivery of antibiotics treatment
in ComB, showing an increase in sqrtMORT by 0.19 (P <
0.05) in those batches treated with antibiotics both in-feed
and in-water compared to those only using antibiotics in-
feed. A higher sqrtMORT at ComA (0.16; P < 0.05) was
found in batches from farms that obtained drinking water
from a river than from farms that had a public supply.
Furthermore, the effect of the water source on sqrtMORT
was modified by the IBW at ComE. Regarding the number
of pigs placed, when compared to batches containing less
than 800 pigs, those containing between 800 and 2000
pigs had an increase in sqrtMORT by 0.23 (P < 0.05) at
ComB. In addition, there was also an increase by 0.36
(P < 0.05) and 0.29 (P < 0.01) in sqrtMORT in batches
containing 800–2000 pigs and 0.63 (P < 0.05) and 0.33
(P < 0.001) in batches that contained more than 2000
pigs at ComF and OD respectively. Finally, for every
1 kg increase in IBW, sqrtMORT reduced 0.037 at
ComD (P < 0.10) and 0.071 at ComE (P < 0.05).
Discussion
Analyses of animal management and facility data showed
that the variability between pig production companies is
as important as within them. High homogeneity among
farms within in the same company is a common practice
in the Spanish pig companies and may be the same in
countries were production is highly integrated. Oliveira
et al. [7] evaluated factors affecting both mortality rate
and feed intake of GF pigs in an integrated Spanish
company and observed a narrow spectrum of hus-
bandry and management practices among the different
farms. Studies investigating factors that affect profit-
ability in GF pigs were performed using batches from
farms belonging to a unique company [6, 11] however,
other studies [5, 8] looked at factors that affect profit-
ability across companies using larger databases main-
tained by US Department of Agriculture (USDA). Both
approaches can be used to study the variability within
and among companies separately and provide different
but complementary information.
Trimester of placement was an important factor re-
sponsible for variation in both FCR and sqrtMORT in
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Table 4 Parameter estimates (standard error in parenthesis) for the mortality rate (sqrtMORT) in each company studieda
Variable Companies
A B C D E F G ODb
Intercept 2.28 (0.46)*** 1.92 (0.74)* 2.58 (0.67)*** 2.23 (0.36)*** 3.06 (0.64)*** 1.48 (0.35)*** 1.53 (0.42)*** 2.25 (0.18)***
Autonomous community
Cataluña S U 0.25 (0.13)**** U U U S S
Castilla y León S U A U U U S S
Valencia S U −0.09 (0.18) U U U S S
Other S U A U U U S S
Aragón S U – U U U S S
Trimester of placement
Jan-Feb-Mar A −0.05 (0.12) A S 0.30 (0.13)* A S −0.07 (0.06)
Apr-May-Jun −0.04 (0.09)**** −0.45 (0.12)*** −0.25 (0.13)* S −0.14 (0.13) −0.35 (0.16)* S −0.26 (0.05)***
Jul-Aug-Sep A −0.43 (0.14)** A S −0.17 (0.12) A S −0.28 (0.06)***
Oct-Nov-Dec – – – S – – S –
Circovirus vaccine
No 0.57 (0.09)*** A S U U U U S
Yes – A S U U U U S
Number of pig origins
One origin S −0.16 (0.11)**** −0.38 (0.15)** U U U −0.17 (0.08)* −0.37 (0.05)***
More than one origin S – – U U U – –
Herd age
<10 years A S U S – S S A
10 to 30 years A S U S 0.18 (0.09)* S S A
>30 years A S U S A S S A
Percentage of slatted floor
<50 % slatted U −0.18 (0.10)**** S S A S S S
≥50 % slatted U – S S A S S S
Ventilation control system
Manual U – U U S S U –
Automatic U −0.23 (0.12)* U U S S U −0.25 (0.05)***
Route utilized to perform treatments
Feed U – U U U A U A
Feed +Water U 0.19 (0.10)* U U U A U A
Feed +Water + Injection U A U U U A U A
A
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Table 4 Parameter estimates (standard error in parenthesis) for the mortality rate (sqrtMORT) in each company studieda (Continued)
Water source in the farm
Well −0.07 (0.13) S A U A U U A
River 0.16 (0.08)* S A U A U U A
Other 0.04 (0.14) S A U −1.92 (0.84)* U U A
Public supply – S A U – U U A
Number of animals placed
<800 pigs S – S S S – S –
800-2000 pigs S 0.23 (0.10)* S S S 0.36 (0.17)* S 0.29 (0.06)***
>2000 pigs S A S S S 0.63 (0.29)* S 0.33 (0.07)***
Initial body weight −0.03 (0.02) −0.001 (0.03) 0.01 (0.03) −0.04 (0.02)**** −0.07 (0.04)* 0.01 (0.02) 0.02 (0.02) −0.001 (0.008)
Trimester * Circovirus vaccine
Apr-May-Jun / No vaccinated 0.41 (0.20)* U U U U U U U
/ Vaccinated – U U U U U U U
Oct-Nov-Dec / No vaccinated – U U U U U U U
/ Vaccinated – U U U U U U U
Initial BW * Water source
Initial BW / Public wáter U U U U – U U U
/ Other U U U U 0.10 (0.05)* U U U
S - variable was not selected to the final model; U - variable non-used in the model because it did not present variability; A - variable not available
(−) Reference level for a factor included in the multiple regression models
*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.10
aData from 688 batches for companies A to F and 607 batches for OD. Variables not significant with respect to sqrtMORT in all companies studied and in OD were not described at the table
bOD - overall database. Data from ¨company G¨ was not included
A
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four and five companies out of seven, respectively, as
well as with OD. In most companies pigs placed in
warm seasons had better performance. Maes et al. [6]
also found higher mortality in pigs placed during the
cold season compared to the warm season, and sug-
gested that it could be due to respiratory diseases due to
poorly ventilated buildings when trying to maintain in-
door temperature. Thereby, its importance can vary
among companies depending on facilities, management,
or geographic location. All farms studied were located in
northern Spain, and had similar outside temperature
ranges, however there may have been differences in the
ventilation of these farms depending on the age of the
pig facility. On the other hand, environmental conditions
were not recorded and trimester of placement may be
correlated to other factors like quality and vailability of
ingredients or meat demand. As a limitation of the
study, not all companies reported the same range of
categorical responses regarding trimester of placement.
Three companies provided information of batches
placed in the warm and cold season whereas others
provided information of batches placed in all seasons.
Although this difference should not cause important
bias a priori, it has to be considered for future studies.
Variables such as breed of the pig-sire, sex, and sex
segregation in batches were closely correlated among
farms and the type of pig produced and they were pooled
in a unique variable, BREGENSEG. Split-sex pens, use of
entire males, and Pietrain-sire were normally used to
produce “light” or “industrial” pigs whereas mixed-sex
pens, which had White (Landrace, Large White, or their
commercial crossings) and/or Duroc-sire pigs were pre-
ferred combinations to produce “heavy” pigs, although
these combinations were also used in industrial produc-
tion. In the present study six companies produced
industrial pigs and one company produced heavy pigs.
Only the industrial pig companies were included in the
OD because of the specific production conditions of
the heavy pig companies. According to Corrêa et al.
[12] and Gispert et al. [13], the Pietrain boar is the
most used breed of sire due to its high genetic potential
converting feed into muscle tissue instead of fat tissue,
improving feed efficiency. Differences observed in the
companies presenting variability on this factor and in
OD confirm and quantify this effect in the conditions
of the current study.
Only two companies performed circovirus vaccination
(ComA and ComC) in the GF phase. Circovirus disease
(PCV2) was first described in Spain in 1997 and the
infection is present in almost 100 % of Spanish pig farms
[14]. However, a commercial vaccine against PCV2 was
developed and introduced to the market in the last dec-
ade [15]. Currently, several companies produce this vac-
cine and it is used in different phases of production
(sows, nursery piglets, and GF pigs). In the present
study, companies that did not use this vaccination in GF
phase may have done it in sows or piglets. Studies con-
ducted by Segales et al. [16] and Jacela et al. [17] ob-
tained a reduction in mortality and an improvement in
feed efficiency when circovirus vaccine was performed in
GF pigs. Similar results were obtained for ComA but not
for ComC and OD. Differences in severity of the circo-
virus disease or in quality of the vaccine used by differ-
ent companies could account for these differences.
Mixing piglets from different origins has been shown
to increase disease transmission and decrease perform-
ance [18]. Maes et al. [6, 19] found an increase in mor-
tality in batches that had pigs from multiple origins in a
study using data from one Belgium pig company. In
agreement, our data shows that batches using pigs from
a single origin had better FCR and sqrtMORT both in
the OD and in most of the companies presenting vari-
ability in this factor.
An analysis of the housing facilities showed that the
percentage of slatted floor and type of ventilation sys-
tem were significant factors only in ComB. Batches that
had lower than 50 % of slatted floor or automatic venti-
lation control had lower sqrtMORT. In addition, auto-
matic ventilation also led to a reduced sqrtMORT in
OD. The optimal proportion of slated floor should be
related to the density of pigs in the pen, since pigs use
specific areas of the pen to feed, rest and defecate,
where resting in a dry and solid floor is a priority [20].
In adittion, barns with fully slatted floor may have
higher emissions of ammonia and other noxious gasses
compared to those with partially slatted floors resulting
in more respiratory problems and/or pulmonary lesions
[21, 22]. The efficient removal of gases and moisture
may depend also on the type of ventilation control
system used. Choi et al. [23] observed higher profitabil-
ity in nursery pigs housed in barns with automatic
ventilation compared with those housed in manual ven-
tilation. In contrast to our results, studies carried out
by Losinger [5], Maes et al. [6], and Oliveira et al. [7]
did not observe any influence of floor type or ventila-
tion system on performance.
The type of feeder showed no effects in the individual
companies in the current study, but it was an important
facility factor in OD, where herds equipped with multi-
space feeders had poorer FCR. Gonyou and Lou [24]
and Myers et al. [25] concluded that single-space feeders
with drinker may improve performance in GF pigs. On
the other hand, Maes et al. [6] did not find any benefit
using feeders with incorporated drinker.
Age of the barns, routes used to supply medication,
and water source were factors not included in the OD
model because there were missing values for a high
number of batches. Thus, these factors were only
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studied at a single company level in order to obtain in-
formation about its effects. In three out of four compan-
ies, herds managed in facilities less than 10 years old
had better FCR or lower sqrtMORT than herds that
were managed in facilties that were more than 10 years
old. There is a paucity of information regarding age of
facilities on GF performance, however one study showed
that age of facilities did not affect GF mortality rate [6].
Batches using only in-feed medication also had lower
sqrtMORT. According Miller et al. [26], in-water and
injection medication are more effective in sick pigs (for
therapeutic purposes) whereas in-feed medication is
associated with preventive medication. Thus, the use of
medication only in feed may be more common in herds
with excellent health. Results about water source were
contradictory among companies and no clear conclusion
can be drawn.
In agreement with our study Maes et al. [6] observed
lower mortality in smaller batches. However Oliveira et
al. [7] did not find an effect of batch size on mortality
and feed intake. Our findings suggest that an all-in-all-
out management system in small batches may improve
health status.
Finally, IBW was included as a covariate in all the
models to account for the large variability of IBW
among companies unlike the FBW which was similar
among companies. Forcing IBW was decided based on
the experience of the authors with different data sets.
Data from a single company may not have enough range
of IBW to reach significance, however IBW was included
to account for the corresponding variability. Lower IBW
increased sqrtMORT and improved FCR in some com-
panies, as also observed by Larriestra et al. [11] concern-
ing mortality.
Conclusions
In conclusion, the variability in management and facil-
ities among Spanish companies was much higher than
within them and some factors presented no variability
within companies. Developing models for each company
and for the overall data set provided complementary
conclusions. Batches of grow-finishing pigs had better
feed conversion ratio when: 1) were placed between
April and September, 2) were originated from a Pietrain
pig-sire, presence of males and segregated in pens, 3)
came from a unique farm origin, 4) farms were newer
than 10 years and 5) pigs had lower initial body weight.
Batches of pigs had lower mortality rate when: 1) were
placed between April and September, 2) pigs came from
a unique farm origin, 3) the water was obtained from a
well and/or public supply, 4) were raised in smaller
farms (<800 pigs) and finally 5) pigs had higher initial
body weight. Furthermore, due to the structure of the
pig companies having common management practices
and facilities in their farms, more research is necessary
to investigate the factors affecting performance within
and between companies, increasing the number of com-
panies, herds and batches surveyed, as well as the num-
ber of factors studied in nutrition, welfare, biosecurity,
and health.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
PA participated in the design, collected the data, performed the statistical
analysis of data and drafted the paper. EM and AF performed the statistical
analysis of data and helped drafting and formatting the paper. CB, CS and JG
conceived the original idea and design and participated in the analysis of
results and preparation of the manuscript. All authors read and approved the
final manuscript.
Acknowledgements
The authors would like to express their gratitude to the pig companies
“Cincaporc S.A.”, “Cooperativa de Artesa”, “Cooperativa de Ivars”, “Cooperativa
Ganadera de Caspe”, “Copiso Sociedad Cooperativa”, “Corporación
Agroalimentaria Guissona”, “Piensos del Segre S.A.”, “Progatecsa”, and “Vall
Companys¨, for allowing the use of their data, and to FEDNA (Fundación
Española para el Desarrollo de la Nutrición Animal) for their help involving
the companies in the project. This research was supported by the Spanish
Ministerio de Ciencia e Innovación (project AGL2011-29960). We also thank
the Agencia Española de Cooperación Internacional para el Desarrollo
(MAEC-AECID) for research fellowships.
Author details
1Grup de Nutrició, Maneig i Benestar Animal, Department de Ciència Animal
i dels Aliments, Universitat Autònoma de Barcelona, Bellaterra 08193, Spain.
2Pig Development Department, Animal and Grassland Research and
Innovation Centre, Teagasc, Moorepark, Fermoy, Co. Cork, Ireland.
3Departamento de Producción Animal, Escuela Técnica de Ingenieros
Agrónomos, Universidad Politécnica de Madrid, Madrid 28040, Spain. 4School
of Agriculture and Food Science, University College Dublin, Dublin 4, Belfield,
Ireland. 5Departamento de Zootecnia, Universidade Estadual de Londrina,
Londrina 86051-970, Brazil.
Received: 3 March 2015 Accepted: 28 August 2015
References
1. MAGRAMA. El sector de la carne de cerdo en cifras, Principales indicadores
económicos en 2013. Ministerio de Medio Ambiente, y Medio Rural y
Marino. 2014. http://www.eurocarne.com/daal?a1=informes&a2=
indicadores_porcino_2014.pdf Accesed 28 Feb 2015.
2. Bahnson PB, Fedorka-Cray PJ, Ladely SR, Mateus-Pinilla NE. Herd-level risk
factors for Salmonella enteric subsp. enterica in U.S. market pigs. Prev Vet
Med. 2006;76:249–62.
3. van der Fels-Klerx HJ, Puister-Jansen LF, van Asselt ED, Burgers SLGE. Farm
factors associated with the use of antibiotics in pig production. J Anim Sci.
2011;89:1922–29.
4. Fablet C, Dorenlor V, Eono F, Eveno E, Jolly JP, Portier F, et al. Noninfectious
factors associated with pneumonia and pleuritis in slaughtered pigs from
143 farrow-to-finish pig farms. Prev Vet Med. 2012;104:271–80.
5. Losinger WC. Feed-conversion ratio of finisher pigs in the USA. Prev Vet
Med. 1998;36:287–305.
6. Maes D, Duchateau L, Larriestra AJ, Deen J, Morrison RB, de Kruif A. Risk
factors for mortality in grow-finishing pigs in Belgium. J Vet Med B Infect
Dis Vet Public Health. 2004;51:321–6.
7. Oliveira J, Yus E, Guitián J. Effects of management, environmental and
temporal factors on mortality and feed consumptions in integrated swine
fattening farms. Livest Prod Sci. 2009;123:221–9.
8. Losinger WC, Bush EJ, Smith MA, Corso BA. An analysis of mortality in the
grower/finisher phase of swine production in the United States. Prev Vet
Med. 1998;33:121–45.
Agostini et al. Irish Veterinary Journal  (2015) 68:20 Page 12 of 13
9. Averós X, Brossard L, Dourmand JY, de Greef KH, Edge HL, Edwards SA, et
al. Quantitative assessment of the effects of space allowance, group size
and floor characteristics on the lying behavior of growing-finishing pigs.
Animal. 2010;4:777–83.
10. Dohoo IR, Ducrot C, Fourichon C, Donald A, Hurnik D. An overview of
techniques for dealing with large numbers of independent variables in
epidemiologic studies. Prev Vet Med. 1996;29:221–39.
11. Larriestra AJ, Maes DG, Deen J, Morrison RB. Mixed models applied to the
study of variation of grower-finisher mortality and culling rates of a large
swine production system. Can J Vet Res. 2005;69:26–31.
12. Correa JA, Faucitano L, Laforest JP, Rivest J, Marcoux M, Gariépy C. Effects of
slaughter weight on carcass composition and meat quality in pigs of two
different growth rates. Meat Sci. 2006;72:91–9.
13. Gispert M, Font i Furnols M, Gil M, Velarde A, Diestre A, Carrión D, et al.
Relationships between carcass quality parameters and genetic types. Meat
Sci. 2007;77:397–404.
14. Sibila M, Calsamiglia M, Segalés J, Blanchard P, Badiella L, Le Dimna M, et al.
Use of a polymerase chain reaction assay and an ELISA to monitor porcine
circovirus type 2 infection in pigs from farms with and without
postweaning multisystemic wasting syndrome. Am J Vet Res. 2004;65:88–92.
15. Fenaux M, Opriessnig T, Halbur PG, Elvinger F, Meng XJ. A chimeric porcine
circovirus (PCV) with the immunogenic capsid gene of the pathogenic PCV
type 2 (PCV2) cloned into the genomic backbone of the nonpathogenic
PCV1 induces protective immunity against PCV2 infection in pigs. J Virol.
2004;78:6297–303.
16. Segalés J, Urniza A, Alegre A, Bru T, Crisci E, Nofrarías M, et al. A genetically
engineered chimeric vaccine against porcine circovirus type 2 (PCV2)
improves clinical, pathological and virological outcomes in postweaning
multisystemic wasting syndrome affected farms. Vaccine. 2009;27:7313–21.
17. Jacela JY, Dritz SS, DeRouchey JM, Tokach MD, Goodband RD, Nelssen JL.
Field evaluation of the effects of a porcine circovirus type 2 vaccine on
finishing pig growth performance, carcass characteristics, and mortality rate
in a herd with a history of porcine circovirus-associated disease. J Swine
Health Prod. 2011;19:10–8.
18. Harris DL, Alexander TJ. Methods of disease control. In: Straw BE, D’Allaire S,
Mengling WL, Taylor DJ, editors. Diseases of Swine. 8th ed. Ames, IA: Iowa
State Univ. Press; 1999. p. 1077–110.
19. Maes D, Deluyker H, Verdonck M, Castryck F, Miry C, Vrijens B, et al. Herd
factors associated with the seroprevalences of four major respiratory
pathogens in slaughter pigs from farrow-to-finish pig herds. Vet Res.
2000;31:313–27.
20. Hacker RR, Ogilvie JR, Morrison WD, Kains F. Factors affecting excretory
behavior of pigs. J Anim Sci. 1994;72:1455–60.
21. Sun G, Guo HQ, Peterson J, Predicala B, Lague C. Diurnal odor, ammonia,
hydrogen sulfide, and carbon dioxide emission profiles of confined swine
grower/finisher rooms. J Air Waste Manage Assoc. 2008;58:1434–48.
22. Ye Z, Zhang G, Seo IH, Kai P, Saha CK, Wang C, et al. Airflow characteristics
at the surface of manure in a storage pit affected by ventilation rate, floor
slat opening, and headspace height. Biosyst Eng. 2009;104:97–105.
23. Choi HL, Song JI, Lee JH, Albright LD. Comparison of natural and forced
ventilation systems in nursery pig houses. Appl Eng Agric. 2010;26:1023–33.
24. Gonyou HW, Lou W. Effects of eating space and availability of water in
feeders on productivity and eating behavior of grower/finisher pigs. J Anim
Sci. 2000;78:865–70.
25. Myers AJ, Goodband RD, Tokach MD, Dritz SS, Bergstrom JR, DeRouchey JM,
et al. The effects of feeder-trough space and gap setting on growth
performance of finishing pigs. J Anim Sci. 2010;93 Suppl 1:562–3.
26. Miller GY, Algozin KA, McNamara P, Bush EJ. Productivity and economic
impacts of feed grade antibiotic use in pork production. J Agr Appl Econ.
2003;35:467–82.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Agostini et al. Irish Veterinary Journal  (2015) 68:20 Page 13 of 13
